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Purpose: To assess clinical efﬁcacy of deep brain stimulation (DBS) of the pallidum in
Myoclonus–Dystonia (M–D) patients, and to compare pre- and post-operative striatal
dopamine D2 receptor availability. Methods: Clinical parameters were scored using val-
idated rating scales for myoclonus and dystonia. Dopamine D2 receptor binding of three
patients was studied before surgery and approximately 2years post-operatively using 123-
I-iodobenzamide Single Photon Emission ComputedTomography.Two patients who did not
undergo surgery served as controls. Results: Clinically, the three M–D patients improved
83, 17 , and 100%, respectively on the myoclonus rating scale and 78, 23, and 65% on
the dystonia rating scale after DBS. Dopamine D2 receptor binding did not change after
surgery. In the two control subjects, binding has lowered further. Conclusion:These ﬁnd-
ings conﬁrm that DBS of the pallidum has beneﬁcial effects on motor symptoms in M–D
and suggest this procedure might stabilize dopamine D2 receptor binding.
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INTRODUCTION
Myoclonus–Dystonia (M–D) is a movement disorder clinically
characterized by myoclonic jerks and dystonic postures or move-
ments of the upper body, often combined with psychiatric
symptoms such as depressed mood or anxiety (Zimprich et al.,
2001). M–D is autosomal dominantly inherited and is frequently
caused by mutations in the epsilon-sarcoglycan gene (SGCE)
on chromosome 7q21 (DYT-11; Klein, 2003; Asmus and Gasser,
2004).
Deep brain stimulation (DBS) of the globus pallidus internus
(GPi) is currently the most promising technique for treatment
of patients with severe medically refractory dystonia. Three ran-
domized controlled trials investigated this procedure in primary
generalized dystonia and found signiﬁcant clinical improvement
on the Burke–Fahn–Marsden Dystonia Rating Scale (BFMDRS)
after 6 and 12months (Vidailhet et al., 2005; Kupsch et al., 2006;
Valldeoriola et al.,2010),sustained after a 3-year follow up period
(Vidailhet et al., 2007). More speciﬁcally on M–D, a recent study
of GPi-DBS in ﬁve M–D patients found striking beneﬁcial effects
on dystonia and particularly on myoclonus (Azoulay-Zyss et al.,
2011) as did another study, comparing GPi-DBS and thalamic
nucleus ventralis intermedius (VIM)-DBS in 10 M–D patients
with either target (Gruber et al., 2010). Additional case reports
describe good response of motor symptoms after VIM-DBS or
GPi-DBS in M–D patients (Cif et al., 2004; Foncke et al., 2007;
Kuncel et al., 2009; Kurtis et al., 2010). To summarize, GPi-DBS
has been reported in only 19 M–D patients so far and positive
results were reported, although no class I or II trial has been
reported.
Neuronal models of dystonia have postulated hyperactivity of
thedirectputamen–pallidalpathwaywithreducedinhibitoryout-
put of the internal segment of the globus pallidus (GPi), with
subsequently increased thalamic input to the (pre-) motor cortex,
resulting in excessive motor cortex excitation (Vitek, 2002). Pre-
viously, our group showed statistically signiﬁcantly lower striatal
dopamine D2 receptor (D2R) binding in M–D patients, possibly
due to decreased D2R availability or increased levels of endoge-
nous dopamine and consequently competitive D2R occupancy
(Beukers et al., 2009), consistent with a mouse model showing
increased striatal dopamine and metabolites in SGCE knockout
mice (Yokoi et al., 2006).
In Parkinson’s disease several studies regarding the effect of
DBS on D2R have been published (Abosch et al., 2003; Hilker
et al., 2003; Hesse et al., 2008). Acute stimulation (stimulator
on versus off) of the subthalamic nucleus (STN) did not induce
sufﬁcient endogenous dopamine to inﬂuence D2R binding signif-
icantly (Abosch et al., 2003; Yokoi et al., 2006; Hesse et al., 2008).
Hesse and co-workers showed a statistically signiﬁcant increase of
IBZM binding to D2R after STN-DBS (pre- versus post-surgery;
stimulator on; Abosch et al., 2003). However, the opposite was
found after GPi-DBS (Nakajima et al., 2003). To our knowledge,
studies comparing D2R availability before and after DBS have
never been performed in any type of dystonia. The ﬁrst aim of
this study is to report the clinical effects of GPi-DBS on M–D
patients who had surgery in our center. Moreover,as our previous
study showed decreased striatal receptor binding in M–D patients
(Vidailhet et al., 2005), our second aim was to examine whether
D2R may increase (reﬂecting normalization) after GPi-DBS.
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MATERIALS AND METHODS
PATIENTS
Three male M–D patients (ages 29,48,and 48years) at the time of
the ﬁrst single photon emission computed tomography (SPECT)
scan, in whom the DYT-11 mutation was genetically conﬁrmed
(1 basepair insertion: 885Tins, 304 C>T and 619–620 delAG,
respectively), were studied using [123-I]-IBZM SPECT before
and approximately 2years after bilateral simultaneous GPi DBS
implant. Surgery was performed under local anesthesia, with the
use of intraoperative microelectrode recordings and test stimula-
tion. Post-operative CT-scans were co-registered with the frame-
based pre-operative MRI to conﬁrm positioning of the electrodes
intheGPi.Thepre-operative[123-I]-IBZMSPECTscansof these
3 patients and of 12 other mutation-positive M–D patients were
reported previously (Beukers et al., 2009). From this same study
population,two genetically conﬁrmed M–D patients who had not
receivedDBSagreedtobere-scannedafterapproximately3.5years
toserveascontrols(bothmutation619–620delAG,relatedtosub-
ject 3). None of the patients had a history of neuroleptic drug
usage or any other dopamine receptor blocking agent. Dystonia
and myoclonus were assessed at the time of the ﬁrst and sec-
ond scan using the BFMDRS (Burke et al., 1985) and the Uniﬁed
Myoclonus Rating Scale (Frucht et al., 2002). Subject 2 was the
only one who had received Botulinum toxin injection in cervi-
cal muscles approximately 9weeks prior to the ﬁrst scan; for this
reason, in this subject the myoclonus and dystonia scores of his
pre-operative assessment were used approximately 3months after
hislastbotulinumtoxininjection.Patientcharacteristicsandtime-
frames of scanning are summarized in Table 1. All subjects gave
written informed consent and the study was approved by the local
medical ethics committee.
DATA ACQUISITION
The IBZM-SPECT methods, for data acquisition and processing
were identical for all scans (Beukers et al., 2009). Shortly, subjects
received a potassium iodide solution to block thyroid uptake of
free radioactive iodide. Approximately 100MBq of [123-I]-IBZM
wasgivenintravenouslyasbolus,followedbycontinuousinfusion
of 25MBq/h to achieve unchanging regional brain activity levels
(Laruelle et al.,1995; Booij et al.,1997). Acquisition of the images
was started 2h after the bolus injection (Frucht et al.,2002).
Single photon emission computed tomography studies were
performedusinga12-detectorsingleslicebrain-dedicatedscanner
(Neurofocus 810,which is an upgrade of the Strichmann Medical
Equipment).
DATA PROCESSING
Attenuation correction of all images was performed (Ishibashi
et al., 2009). Images were reconstructed in 3D mode
(http://www.neurophysics.com). These 3D reconstructed images
were then randomly numbered by an independent physician and
analyzed blindly by one observer (R. J. Beukers). For quantiﬁca-
tion,aregion-of-interest(ROI)analysiswasperformed.Foranaly-
sis of striatal [123-I]-IBZM binding, the ratio of speciﬁc striatal
to occipital binding (representing non-speciﬁc binding) was cal-
culated by averaging four transverse slices, representing the most
intense striatal binding. Standard templates with ﬁxed ROIs were
manually placed on the striatum and occipital cortex, and then
the ratio of striatal to occipital binding (SOR) was calculated as
follows:(totalstriatalbinding−occipitalbinding)/occipitalbind-
ing. The analyses of the 3D reconstructed images was performed
again the following week,variability and the intraclass correlation
coefﬁcient were then calculated to assess intra-observer reliability.
DATA ANALYSIS
Symmetry of the left and right SORs was calculated using a
Wilcoxon signed ranks test in all patients, this analysis was per-
formed using SPSS version 17. Because the number of patients is
too small to perform meaningful statistics between groups, none
were calculated. Instead,all data is presented in Tables1 and 2.All
videos used to assess the UMRS and BFMDRS were scored by a
movement disorder specialist (J. D. Speelman).
RESULTS
CLINICAL CHARACTERISTICS
Patient characteristics are summarized in Table 1. The patients
whounderwentDBSallreportedsigniﬁcantimprovementof their
symptoms at the time of the second [123-I]-IBZM SPECT scan.
Table 1 | Clinical characteristics.
N M/F Age BFMDRS/UMRS at ﬁrst
scan (before GPi-DBS)
BFMDRS/UMRS at second
scan (after GPi-DBS)
% Change Stimulation
settings L/R
Time after
GPi DBS
Time between
scans (months)
1 M 29 18/46 4/8 −78/−83 3.5V 120us/130Hz 27months 30
2.8V 90us/130Hz
2 M 48 26/70* 20/58 −23/−17 3.2V 60us/130Hz 12months 28
3.0V 60us/130Hz
3 M 48 20/100 7/0 −65/−100 3.0V 60us/130Hz 19months 29
BFMDRS/UMRS at ﬁrst
scan
BFMDRS/UMRS at second
scan
–
4 M 53 4/4 4/4 0/0 – No DBS 43
5 M 51 26/12 6/10 −77/−17 – No DBS 46
N, subject; M, male; BFMDRS, Burke Fahn Marsden Dystonia Rating Scale; UMRS, Uniﬁed Myoclonus Rating Scale; GPi-DBS, globus pallidus internus deep brain
stimulation; age, age at time of ﬁrst [123-I]-IBZM SPECT scan. *Scoring performed before DBS, 15months after ﬁrst scan.
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Table 2 | SORs before and after GPi-DBS.
Subject Before GPi-DBS After GPi-DBS
SOR left SOR right SOR mean SOR left SOR right SOR mean
1 0.90 0.85 0.87 0.83 0.89 0.86
2 1.06 0.90 0.98 1.21 1.07 1.14
3 1.04 1.06 1.05 0.86 0.93 0.89
No DBS, ﬁrst scan No DBS, second scan
4 1.14 1.14 1.14 0.93 0.82 0.87
5 1.05 0.94 1.00 0.66 0.73 0.69
GPi-DBS, globus pallidus internus deep brain stimulation; SOR, striatal to occipital ratio.
When formally scored on video, GPi-DBS patients had improved
78,23,and65%,respectivelyontheBFMDRSand83,17,and100%
on the UMRS. One patient not having undergone DBS improved
ontheBFMDRS(77%)andontheUMRS(17%),theotherpatient
showed no change on the clinical rating scales.
[123-I]-IBZM SINGLE PHOTON EMISSION COMPUTED TOMOGRAPHY
Variability between the two analyses performed with a 1-week
interval was 3.7%, with an intraclass correlation coefﬁcient of
93.5%. Results of second analysis are presented in Table 2.N o
asymmetry between left and right SORs was found, either at the
ﬁrstoratthesecondscan(ﬁrstscanp =0.50;secondscanp =0.69
respectively). No consistent differences between the measurement
before and after DBS are discernable (SOR mean: one unchanged,
one higher, one lower). Of both subjects who did not have DBS,
themeanSORwasloweraftersurgerycomparedtobeforesurgery.
DISCUSSION
Globus pallidus internus-DBS improved greatly myoclonus and,
to a lesser extent dystonia, consistent with earlier studies (Gruber
et al., 2010; Azoulay-Zyss et al., 2011). In our previous study, we
found decreased D2R in 15 M–D patients, possibly reﬂecting an
increase in endogenous striatal dopamine (Beukers et al., 2009).
In this study, no large effect of GPi-DBS on D2R binding poten-
tial in M–D patients was observed despite obvious clinical beneﬁt
on myoclonus and dystonia rating scales. This lack of change is
consistentwithstudiesregardingSTN-DBSinParkinson’sdisease,
but not consistent with the GPi-DBS study describing normaliza-
tion (decrease) of D2R binding potential in Parkinson’s disease.A
drawback of this study is the small number of patients, rendering
it impossible to reach statistical signiﬁcance. It was not our inten-
tion to reach a predeﬁned level of signiﬁcance as much as it was to
report an interesting ﬁnding. Of course,a much larger sample size
is needed to warrant ﬁrmer conclusions. However, interestingly,
in both M–D patients who did not had surgery, a clear decrease
of D2R binding was observed. The changes on the clinical rat-
ing scales in patient 5 might be attributed to symptom variability
overtimeorvariableeffectof medication.Inaddition,thispatient
reported being very anxious at the time of the ﬁrst video-scoring
and concomitant worsening of his motor symptoms. At the time
of the second video-scoring,the patient reported being much less
anxious,while medication had not changed in the mean time.
Progression of M–D could be associated with a further decline
of D2R, which may be mitigated by DBS of the GPi. Although in
our previous study we did not ﬁnd an association between dis-
ease severity and D2R across patients, this might be true for the
individual patient. The decline of SORs in non-operated patients
is faster than the 5% per decade previously reported in the litera-
ture in normal subjects (Laruelle et al., 1995); for this reason it is
unlikely that the slightly longer time interval between the ﬁrst and
second scan in this group is the cause of the lowered D2R bind-
ing. Future imaging studies on the effects of disease progression
and the effects of DBS in larger groups of M–D patients having
undergone and not having undergone DBS are needed to test this
hypothesis.
In conclusion, this study conﬁrms the clinical efﬁcacy of GPi-
DBS in M–D, that is not paralleled by any discernable changes
on the dopaminergic pathways as measured with [123-I]-IBZM
SPECT. In non-operated M–D patients D2R binding seems to
haveloweredevenfurther,possiblyreﬂectingastabilizingeffectof
GPi-DBS on the dopaminergic pathways.
ACKNOWLEDGMENTS
This study was supported by the following research grants:NWO-
VIDI grant (project 016.056.333, to R. J. Beukers and M. A. J.
Tijssen), and the ONWA-meetfonds (ABIP).
REFERENCES
Abosch, A., Kapur, S., Lang, A. E.,
Hussey, D., Sime, E., Miyasaki,
J., Houle, S., and Lozano, A. M.
(2003). Stimulation of the sub-
thalamic nucleus in Parkinson’s
disease does not produce striatal
dopamine release. Neurosurgery 53,
1095–1102.
Asmus, F., and Gasser, T. (2004). Inher-
ited myoclonus-dystonia. Adv. Neu-
rol. 94, 113–119.
Azoulay-Zyss, J., Roze, E., Welter, M.
L., Navarro, S., Yelnik, J., Clot, F.,
Bardinet, E., Karachi, C., Dormont,
D.,Galanaud,D.,Pidoux,B.,Cornu,
P., Vidailhet, M., and Grabli, D.
(2011). Bilateral deep brain stimula-
tion of the pallidum for myoclonus-
dystonia due to epsilon-sarcoglycan
mutations: a pilot study. Arch. Neu-
rol. 68, 94–98.
Beukers, R., Booij, J., Weisscher, N.,
Zijlstra, F., van Amelsvoort, T.,
and Tijssen, M. (2009). Reduced
striatal D2 receptor binding in
myoclonus-dystonia. Eur. J. Nucl.
Med. Mol. Imaging 36, 269–274.
Booij, J., Korn, P., Linszen, D. H., and
van Royen,E. A. (1997). Assessment
of endogenous dopamine release
by methylphenidate challenge
using iodine-123 iodobenzamide
single-photon emission tomog-
raphy. Eur. J. Nucl. Med. 24,
674–677.
Burke, R. E., Fahn, S., Marsden, C. D.,
Bressman, S. B., Moskowitz, C., and
Friedman, J. (1985). Validity and
reliabilityofaratingscaleforthepri-
mary torsion dystonias. Neurology
35, 73–77.
Cif, L., Valente, E. M., Hemm, S.,
Coubes, C., Vayssiere, N., Serrat,
S., Di Giorgio, A., and Coubes,
P. (2004). Deep brain stimulation
in myoclonus-dystonia syndrome.
Mov. Disord. 19, 724–727.
www.frontiersin.org February 2012 | Volume 3 | Article 22 | 3Beukers et al. GPi-DBS in M–D
Foncke, E. M., Bour, L. J., Speelman,
J. D., Koelman, J. H., and Tijssen,
M. A. (2007). Local ﬁeld potentials
and oscillatory activity of the inter-
nal globus pallidus in myoclonus-
dystonia. Mov. Disord. 22, 369–376.
Frucht, S. J., Leurgans, S. E., Hallett,
M., and Fahn, S. (2002). The Uni-
ﬁed Myoclonus Rating Scale. Adv.
Neurol. 89, 361–376.
Gruber,D.,Kuhn,A.A.,Schoenecker,T.,
Kivi, A., Trottenberg, T., Hoffmann,
K. T., Gharabaghi, A., Kopp, U. A.,
Schneider, G.-H., Klein, C., Asmus,
F., and Kupsch, A. (2010). Pallidal
andthalamicdeepbrainstimulation
inmyoclonus-dystonia.Mov.Disord.
25, 1733–1743.
Hesse, S., Strecker, K., Winkler, D.,
Luthardt, J., Scherﬂer, C., Reupert,
A.,Oehlwein,C.,Barthel,H.,Schnei-
der, J. P., Wegner, F., Meyer, P.,
Meixensberger, J., Sabri, O., and
Schwarz, J. (2008). Effects of sub-
thalamic nucleus stimulation on
striatal dopaminergic transmission
in patients with Parkinson’s disease
withinone-yearfollow-up.J.Neurol.
255, 1059–1066.
Hilker,R.,Voges,J.,Ghaemi,M.,Lehrke,
R., Rudolf, J., Koulousakis, A., Her-
holz, K., Wienhard, K., Sturm, V.,
and Heiss, W. D. (2003). Deep
brain stimulation of the subthala-
mic nucleus does not increase the
striatal dopamine concentration in
parkinsonian humans. Mov. Disord.
18, 41–48.
Ishibashi, K., Ishii, K., Oda, K.,
Kawasaki, K., Mizusawa, H., and
Ishiwata, K. (2009). Regional
analysis of age-related decline
in dopamine transporters and
dopamine D2-like receptors in
human striatum. Synapse 63,
282–290.
Klein, C. (2003). “Myoclonus and
myoclonus-dystonias,”in Genetics of
Movement Disorders, ed. S. M. Pulst
(Boston: Academic), 449–469.
Kuncel, A. M., Turner, D. A., Ozelius,
L. J., Greene, P. E., Grill, W. M., and
Stacy, M. A. (2009). Myoclonus and
tremor response to thalamic deep
brain stimulation parameters in a
patient with inherited myoclonus-
dystonia syndrome. Clin. Neurol.
Neurosurg. 111, 303–306.
Kupsch, A., Benecke, R., Muller, J.,
Trottenberg, T., Schneider, G. H.,
Poewe, W., Eisner, W., Wolters, A.,
Müller, J. U., Deuschl, G., Pinsker,
M. O., Skogseid, I. M., Roeste, G.
K., Vollmer-Haase, J., Brentrup, A.,
Krause, M., Tronnier, V., Schnit-
zler, A., Voges, J., Nikkhah, G.,
Vesper, J., Naumann, M., Volk-
mann, J., and Deep-Brain Stimu-
lation for Dystonia Study Group.
(2006). Pallidal deep-brain stimula-
tion in primary generalized or seg-
mentaldystonia.N.Engl.J.Med.355,
1978–1990.
Kurtis, M. M., San Luciano, M., Yu, Q.,
Goodman,R.R.,Ford,B.,Raymond,
D., Pullman, S. L., and Saunders-
Pullman, R. (2010). Clinical and
neurophysiological improvement of
SGCEmyoclonus-dystoniawithGPi
deepbrainstimulation.Clin.Neurol.
Neurosurg. 112, 149–152.
Laruelle, M., Abi-Dargham, A., van
Dyck, C. H., Rosenblatt, W., Zea-
Ponce, Y., Zoghbi, S. S., Baldwin,
R. M., Charney, D. S., Hoffer, P.
B., Kung, H. F., and Innis, R. B.
(1995). SPECT imaging of striatal
dopamine release after ampheta-
mine challenge. J. Nucl. Med. 36,
1182–1190.
Nakajima, T., Nimura, T., Yamaguchi,
K., Ando, T., Itoh, M., Yoshi-
moto, T., and Shirane, R. (2003).
The impact of stereotactic pallidal
surgery on the dopamine D2 recep-
tor in Parkinson disease: a positron
emission tomography study. J. Neu-
rosurg. 98, 57–63.
Valldeoriola, F., Regidor, I., Mínguez-
Castellanos, A., Lezcano, E., Garcia-
Ruiz, P., Rojo, A., Salvador, A., Cas-
tro, A., Grandas, F., Kulisevsky, J.,
Martí, M. J., Martínez-Martín, P.,
Relova, L., Rumià, J., Cámara, A.,
Burguera, J. A., Linazasoro, G., de
Val, J. L., Obeso, J., Rodríguez-Oroz,
M.C.,Tolosa,E.,andGrupoEspañol
para el Estudio de la Estimulación
Palidal en la Distonía. (2010). Efﬁ-
cacy and safety of pallidal stimu-
lation in primary dystonia: results
of the Spanish multicentric study.
J. Neurol. Neurosurg. Psychiatr. 81,
65–69.
Vidailhet, M., Vercueil, L., Houeto, J.
L., Krystkowiak, P., Benabid, A. L.,
Cornu, P., Lagrange, C., Tézenas du
Montcel, S., Dormont, D., Grand,
S., Blond, S., Detante, O., Pillon, B.,
Ardouin,C.,Agid,Y.,Destée,A.,Pol-
lak, P., and French Stimulation du
Pallidum Interne dans la Dystonie
(SPIDY)StudyGroup.(2005).Bilat-
eral deep-brain stimulation of the
globus pallidus in primary general-
ized dystonia. N .E n g l .J .M e d .352,
459–467.
Vidailhet, M.,Vercueil, L., Houeto, J. L.,
Krystkowiak, P., Lagrange, C., Yel-
nik, J., Bardinet, E., Benabid, A. L.,
Navarro,S.,Dormont,D.,Grand,S.,
Blond, S., Ardouin, C., Pillon, B.,
Dujardin,K.,Hahn-Barma,V.,Agid,
Y., Destée, A., Pollak, P., and French
SPIDY Study Group. (2007). Bilat-
eral,pallidal,deep-brainstimulation
in primary generalised dystonia: a
prospective 3 year follow-up study.
Lancet Neurol. 6, 223–229.
Vitek, J. L. (2002). Pathophysiology of
dystonia: a neuronal model. Mov.
Disord. 17, S49–S62.
Yokoi, F., Dang, M. T., Li, J., and
Li, Y. (2006). Myoclonus, motor
deﬁcits, alterations in emotional
responses and monoamine metab-
olism in epsilon-sarcoglycan
deﬁcient mice. J. Biochem. 140,
141–146.
Zimprich, A. F., Grabowski, M. F.,
Asmus, F. F., Naumann, M. F., Berg,
D. F., Bertram, M. F., Scheidtmann,
K.,Kern,P.,Winkelmann,J.,Müller-
Myhsok, B., Riedel, L., Bauer, M.,
Müller, T., Castro, M., Meitinger,
T., Strom, T. M., and Gasser, T.
(2001). Mutations in the gene
encoding epsilon-sarcoglycan cause
myoclonus-dystoniasyndrome.Nat.
Genet. 29, 66–69.
Conﬂict of Interest Statement: The
authors declare that the research was
conducted in the absence of any com-
mercial or ﬁnancial relationships that
could be construed as a potential con-
ﬂict of interest.
Received: 07 September 2011; paper
pending published: 11 November 2011;
accepted: 03 February 2012; published
online: 20 February 2012.
Citation: Beukers RJ, Contarino MF,
Speelman JD, Schuurman PR, Booij J
andTijssen MAJ(2012)Deepbrainstim-
ulation of the pallidum is effective and
might stabilize striatal D2 receptor bind-
ing in myoclonus–dystonia. Front. Neur.
3:22. doi: 10.3389/fneur.2012.00022
This article was submitted to Frontiers
in Movement Disorders, a specialty of
Frontiers in Neurology.
Copyright © 2012 Beukers, Con-
tarino,Speelman,Schuurman,Booij and
Tijssen. This is an open-access article
distributed under the terms of the Cre-
ative Commons Attribution Non Com-
mercial License, which permits non-
commercial use, distribution, and repro-
duction in other forums, provided the
original authors and source are credited.
Frontiers in Neurology | Movement Disorders February 2012 | Volume 3 | Article 22 | 4